Introduction
============

Major depressive disorder (MDD) is a common mental disorder characterized by depressed mood and/or loss of interest or pleasure that affects a person's personal, work, habits and general health. A recent global burden of disease study showed that MDD affects 253 million people (3.6% of the global population) and was the second leading cause of years lived with disability in 2013.[@b1-ndt-14-037]

The etiology of MDD is not well understood. It has been widely accepted that the genetic, environmental and psychological factors contributed to the cause of MDD.[@b2-ndt-14-037] In recent years, accumulating researches have focused on the roles of immune system in MDD. Multiple lines of evidence have shown the association between deregulation of immune system and MDD.[@b3-ndt-14-037] The most robust evidence showing the association between immune system and MDD is from analysis of inflammatory factors in MDD. Higher levels of inflammatory factors, including interleukins (ILs), tumor necrosis factors (TNFs) and interferons (IFNs), in MDD than that found in healthy controls have been repeatedly reported.[@b4-ndt-14-037]--[@b7-ndt-14-037] Moreover, exogenous administration of inflammatory factors induced depressive symptoms in both humans and rodents,[@b8-ndt-14-037] implicating the important roles of inflammatory factors in MDD.

Besides inflammatory factors, complement system may also be involved in MDD. Complement system is a part of innate immune system and participates in the regulation of inflammation.[@b9-ndt-14-037] A number of previous researches have indicated that complement components increased in MDD.[@b10-ndt-14-037]--[@b12-ndt-14-037] In recent years, complement system was found to regulate synapse elimination in the central nervous system,[@b13-ndt-14-037],[@b14-ndt-14-037] suggesting that complement system may play multiple roles in MDD, either by participating in inflammation or by regulating neural functions. More recently, genetic variations of the complement component 4 (C4) were reported to account for the strongest genetic association with schizophrenia identified so far,[@b15-ndt-14-037] which highlighted the importance of C4 in psychiatric diseases and implicated the potential roles of C4 in MDD.

The influence of antidepressant medication on inflammatory factors has also been reported. However, the results were inconsistent.[@b16-ndt-14-037] Multiple factors, such as the types of antidepressant[@b16-ndt-14-037] or the gender of patients,[@b17-ndt-14-037] may contribute to the inconsistent results. Whether antidepressant medication has effects on peripheral C4 expression is unknown.

In this study, we collected peripheral blood of the patients with depression and healthy controls and analyzed concentration of C4 and multiple inflammatory factors in plasma. Effects of antidepressant medication on the peripheral C4 and inflammatory factors were also evaluated.

Subjects and methods
====================

Study participants
------------------

Han Chinese patients with depression aged 18 through 60 years were recruited in the Mental Health Center of West China Hospital, Sichuan University. The inclusion criteria of this study were as follows: 1) meeting the criteria for MDD as specified in the *Diagnostic and Statistical Manual of Mental Disorders*, Fourth Edition (DSM-IV); 2) 17-item Hamilton depression rating scale (HAMD) (HAMD-17) scores being \>17; 3) antidepressants or antipsychotics-naïve, or antidepressants or antipsychotics-free for at least 3 months; and 4) Wechsler's intelligence test scores being ≥90. The exclusion criteria were as follows: 1) having neurogenic diseases, endocrine diseases and metabolic disorders or serious physical diseases; 2) having other psychiatric disorders, such as dementia, schizophrenia, bipolar disorder and substance abuse; 3) having obvious psychosocial factors, such as job failure, marriage failure, lovelorn, traffic accident and economic problems; 4) receiving hormone medication or 5) being pregnant or breastfeeding. All the patients were evaluated with HAMD-17 and 24-item Hamilton anxiety rating scale (HAMA-24).

Patients with MDD were started on antidepressant treatment on the day they were enrolled in this study and were invited for a follow-up survey 6 weeks after antidepressant medication.

Healthy volunteers were also recruited if they 1) were Han Chinese aged 18 through 60 years; 2) had Wechsler's intelligence test scores being ≥90 and 3) had normal performance at work. The individuals who had DSM-IV axis I and II disorders, organic brain diseases or a family history of mental disorders were excluded from this study.

The study was approved by the Institutional Ethics Committee of Sichuan University, and all participants provided written informed consent. All study procedures were in accordance with the Declaration of Helsinki.

Preparation of plasma
---------------------

Peripheral blood of patients and healthy controls was collected in tubes anticoagulated using EDTA on the day when they were enrolled in this study. Peripheral blood of the patients with follow-up was collected on the day of follow-up. The blood samples were then centrifuged at 2,000× *g* for 5 minutes, and upper plasma was transferred to a fresh tube and stored at −80°C.

Analysis of immune-related factors in plasma
--------------------------------------------

Concentration of immune-related factors in plasma was measured by a multiplexed flow cytometric assay using a Milliplex kit (HNDG2MAG-36K; Millipore, Billerica, MA, USA) for C4 and a Milliplex kit (HCYTOMAG-60K; Millipore) for IL-1β, IL-6, IL-8, IL-10, TNF-α, IFN-α and IFN-γ. The assays were performed by Bio-atom Biotechnology (Chengdu, China) according to the instruction of the kits.

Statistical analysis
--------------------

Statistical analysis was performed using the SPSS 18.0 software package (SPSS, Chicago, IL, USA). The independent samples *t*-test was used to compare age between healthy controls and the patients with depression. Chi-square test was used to compare gender difference between the patients and healthy controls. The concentrations of immune-related factors in healthy population and the patients with depression were compared using the Mann--Whitney (nonparametric) test. The Wilcoxon paired test was performed to compare the concentrations of immune-related factors of the patients with depression before or after antidepressant medication. The Spearman correlation was used to evaluate the relationship between the concentrations of immune-related factors and HAMD or HAMA scores in the patients with depression. All the *p*-values \<0.05 were considered significant.

Results
=======

Demographic and clinical characteristics of the participants
------------------------------------------------------------

Fifty-three patients with depression (22 males and 31 females) and 60 healthy individuals (22 males and 38 females) were included in this study. The average age of the patients with depression and healthy controls was 30.13±10.76 and 29.70±9.99 years, respectively. There was no statistically significant difference of age (t=0.23, *p*=0.83) and gender (*χ*^2^=0.28, *p*=0.59) between the patients and healthy controls. The average of education years (t=−1.55, *p*=0.12), height (t=0.67, *p*=0.51) and weight (t=−0.53, *p*=0.60) in the patients did not significantly differ from that in the healthy controls ([Table 1](#t1-ndt-14-037){ref-type="table"}). The average HAMD and HAMA scores of all the patients with depression were 22.6±3.59 and 13.8±6.29, respectively ([Table 2](#t2-ndt-14-037){ref-type="table"}).

Of the 53 patients, 17 (9 males and 8 females) participated in a follow-up survey 6 weeks after antidepressant medication. The average age of the patients at follow-up was 27.41±9.40 years and did not differ from that of the healthy controls (t=−0.73, *p*=0.40). There was no statistically significant difference of the gender (*χ*^2^=1.46, *p*=0.23) between the patients at follow-up and the healthy controls. The average HAMD and HAMA scores of the patients at follow-up were 21.76±2.77 and 14.06±6.19 before antidepressant medication and 6.52±3.76 and 6.58±4.02 after antidepressant medication, respectively. Antidepressants used in this study included venlafaxine (n=8), sertraline (n=3), paroxetine (n=3), citalopram (n=2) and mirtazapine (n=1).

Analysis of concentration of immune-related factors in plasma in the patients with MDD and healthy controls
-----------------------------------------------------------------------------------------------------------

The concentration of C4 was significantly higher (*p*\<0.0001) in the patients with depression than that in the healthy controls ([Table 3](#t3-ndt-14-037){ref-type="table"}). There were no significant differences of the concentrations of IL-1β, IL-6, IL-8, IL-10, IFN-α, IFN-γ and TNF-α between the patients with depression and healthy controls ([Table 3](#t3-ndt-14-037){ref-type="table"}). We did not find a significant correlation of HAMD or HAMA scores with the concentration of C4 or inflammatory factors ([Table 4](#t4-ndt-14-037){ref-type="table"}).

Evaluation of the effects of antidepressant medication on C4 and inflammatory factors
-------------------------------------------------------------------------------------

The concentration of C4 in plasma of the patients after antidepressant medication was significantly lower than that before antidepressant medication (Z=−3.20, *p*=0.001). The antidepressant medication did not significantly alter the concentrations of IL-1β, IL-6, IL-8, IL-10, IFN-α, IFN-γ and TNF-α in plasma ([Table 5](#t5-ndt-14-037){ref-type="table"}).

The concentration of C4 in plasma of the patients after antidepressant medication did not differ from that of the healthy controls (Z=−0.18, *p*=0.85; [Table 6](#t6-ndt-14-037){ref-type="table"}).

Discussion
==========

In this study, we found that peripheral C4 in MDD was higher than that in the healthy controls ([Table 3](#t3-ndt-14-037){ref-type="table"}). C4 is essential for the activation of complement cascade that is involved in the development of inflammation.[@b18-ndt-14-037] Therefore, the higher concentration of C4 in MDD than that in the healthy controls may be a reflection of the inflammation in MDD. C4 is also expressed by neurons and plays a role in synapse elimination.[@b13-ndt-14-037],[@b15-ndt-14-037] Whether C4 is involved in MDD by directly regulating function of neurons in brain is unknown. Analysis of the association of peripheral C4 expression with C4 in the central nervous system in MDD in the future would be helpful for understanding the role of C4 in MDD.

After antidepressant medication, the concentration of plasma C4 in the patients with depression was reduced ([Table 5](#t5-ndt-14-037){ref-type="table"}) and did not show any significant difference when compared with healthy controls in this study ([Table 6](#t6-ndt-14-037){ref-type="table"}). The mechanism of suppression of C4 by antidepressant medication would be an interesting topic in any future study. Antidepressants have long been known to have the ability to reduce inflammatory factors in the patients with MDD or animal models.[@b19-ndt-14-037] Because plasma C4 may be affected by inflammation,[@b9-ndt-14-037] the mechanism of the anti-inflammation activity of antidepressants may be enrolled in the suppression of C4. Previous studies have suggested that regulation of hypothalamic--pituitary--adrenal axis activity[@b20-ndt-14-037] or inhibition of immune cell activation[@b21-ndt-14-037],[@b22-ndt-14-037] might contribute to the effects of antidepressants on inflammation, which could be involved in any future study of the mechanism of suppression of C4 by antidepressants.

Although quite a number of researches reported an increase of peripheral inflammatory factors in MDD, contradictory results were also observed.[@b4-ndt-14-037],[@b6-ndt-14-037] In this research, we did not find any significant difference of the concentrations of IL-1β, IL-6, IL-8, IL-10, IFN-α, IFN-γ and TNF-α in MDD compared with healthy controls, which may partially be due to the large variation of their concentration in plasma ([Table 3](#t3-ndt-14-037){ref-type="table"}). The peripheral inflammatory factors are sensitive to stimulation such as injury, infection[@b23-ndt-14-037] and stress,[@b24-ndt-14-037] which would result in large variation of concentration in plasma. By comparison, the variation of plasma C4 concentration is relatively small. Furthermore, the source of plasma C4 is different from that of inflammatory factors. Plasma C4 is mainly produced by hepatocytes, while most plasma inflammatory factors are produced locally,[@b25-ndt-14-037] which may contribute to the different results between C4 and inflammatory factors in this study. Taken together, our results suggested that further research on C4 in MDD would be helpful for identifying the biomarker of MDD.

There were some limitations in this research. First, the sample size was relatively small. Second, 5 antidepressants were used. Third, we failed to recruit patients with moderate response to antidepressant medication, probably due to the weak intention of the patients with moderate response to participate in the follow-up interviews. Therefore, no conclusion can yet be drawn on whether the effects of antidepressant medication on inflammatory factors are dependent on the kinds of antidepressants or the response of the patients with MDD.

In summary, we found that plasma C4 was elevated in MDD compared with healthy controls and antidepressant medication decreased plasma C4 in MDD. Our results suggested that C4 might be a candidate in the research of biomarker and pathophysiology of MDD.
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###### 

Demographic characteristics of all study participants

                      Health (n=60)   All patients (n=53)   Patients with follow-up (n=17)                                
  ------------------- --------------- --------------------- -------------------------------- ------ ------------- ------- ------
  Age (years)         29.70±9.99      30.13±10.76           0.23                             0.83   27.41±9.40    −0.73   0.48
  Gender (M/F)        22/38           22/31                 0.28                             0.59   9/8           1.46    0.23
  Education (years)   13.54±2.87      12.58±3.60            −1.55                            0.12   13.43±2.99    −1.67   0.11
  Height (cm)         163.43±8.53     164.5±8.46            0.67                             0.51   168.13±8.62   1.94    0.07
  Weight (kg)         57.98±10.48     56.86±11.52           −0.53                            0.60   60.56±13.91   0.67    0.50

**Note:** Data presented as mean ± standard deviation unless otherwise stated.

###### 

HAMD and HAMA of patients with depression

         All patients (n=53)   Patients with follow-up (n=17)               
  ------ --------------------- -------------------------------- ----------- -----------
  HAMD   22.6±3.59             21.76±2.77                       6.52±3.76   70.5±13.2
  HAMA   13.8±6.29             14.06±6.19                       6.58±4.02   49.6±32.7

**Note:** Data presented as mean ± standard deviation.

**Abbreviations:** HAMA, Hamilton anxiety rating scale; HAMD, Hamilton depression rating scale.

###### 

Comparison of plasma concentrations of inflammatory factors and C4 between healthy controls and patients with MD

          Median   Z       *p*-value   
  ------- -------- ------- ----------- ----------
  IL-1β   0.8      0.95    −0.81       0.41
  IL-6    1.59     1.79    −2.06       0.14
  IL-8    0.82     1.09    −0.56       0.58
  IL-10   6.12     7.15    −1.17       0.24
  IFN-α   10.01    12.94   −0.80       0.43
  IFN-γ   5.20     5.20    −0.72       0.47
  TNF-α   3.53     3.44    −0.86       0.39
  C4      58.3     84.85   −5.04       \<0.0001

**Abbreviations:** IFN, interferon; IL, interleukin; MDD, major depressive disorder; TNF, tumor necrosis factor.

###### 

The analysis of correlation between inflammatory factors or C4 and HAMD/HAMA scores in patients with depression

          HAMD    HAMA           
  ------- ------- ------ ------- ------
  IL-1β   0.09    0.51   0.23    0.10
  IL-6    −0.14   0.31   0.11    0.42
  IL-8    0.03    0.82   0.12    0.39
  IL-10   −0.03   0.82   0.08    0.57
  IFN-α   −0.02   0.88   −0.01   0.94
  IFN-γ   0.02    0.91   0.10    0.46
  TNF-α   −0.29   0.04   0.02    0.89
  C4      0.09    0.51   0.08    0.56

**Abbreviations:** HAMA, Hamilton anxiety rating scale; HAMD, Hamilton depression rating scale.

###### 

Effects of antidepressant medication on plasma concentration of inflammatory factors and C4

          Median   Z       *p*-value   
  ------- -------- ------- ----------- -----------
  IL-1β   1.35     1.29    −1.37       0.17
  IL-6    1.29     0.92    −0.64       0.52
  IL-8    3.76     2.79    −0.16       0.88
  IL-10   0.78     0.6     −0.85       0.39
  IFN-α   3.62     3.2     −1.16       0.24
  IFN-γ   12.94    16.83   −0.88       0.38
  TNF-α   7.15     6.47    −1.59       0.11
  C4      125.38   50.22   −3.20       **0.001**

###### 

Comparison of plasma C4 between healthy controls and patients after antidepressant medication

               Median      Z           *p*-value   
  ------------ ----------- ----------- ----------- ------
  C4 (μg/mL)   58.3±47.8   50.2±38.0   −0.18       0.85

**Note:** Data presented as mean ± standard deviation unless otherwise stated.

**Abbreviation:** MDD, major depressive disorder.
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